Backgrounds/Aims: Epithelial-to-mesenchymal transition (EMT) has been proven to be involved in development and progression of pulmonary fibrosis. This study aims to investigate the role of transforming growth factor β1 (TGFβ1)-smad signaling pathway in the interleukin-33 (IL-33) induced EMT. Methods: The human type II alveolar epithelial cell line, A549, and small airway epithelial cells (SAEC) were cultured and divided into 4 groups including Control, LY-2109761 (TGFβ receptor inhibitor), IL-33 and IL-33+LY-2109761 group. Expression of TGFβ1, E-cadherin (E-cad) and α-smooth muscle actin (α-SMA) were examined by using real-time PCR (RT-PCR) and western blot assay, respectively. The smad3 signaling pathway factors, including smad3 and phosphorylated smad3 (p-smad3), were also detected by using western blot assay. Results: IL-33 significantly activated T1/ST2 expression in A549 cells (P<0.05). TGFβ1 receptor inhibitor significantly suppressed the IL-33 caused down-expression of E-cad compared to IL-33 alone (P<0.05). IL-33 significantly increased the α-SMA levels compared to Control group (P<0.05) and TGFβ1 receptor inhibitor inhibited the other effects of IL-33. IL-33 significantly enhanced the levels of TGFβ1 compared to Control group (P<0.05). TGFβ1 receptor inhibitor suppressed the IL-33 induced up-expression of p-smad3. Conclusion: The TGFβ1-smad signaling pathway participates in the IL-33 induced epithelial-to-mesenchymal transition of A549 cells.
Introduction
Interstitial lung disease (ILD) is caused by many factors, such as infection and exposure to tobacco smoke [1] . The ILD inflicts pulmonary interstitium, alveolar and/or bronchial [2] . Idiopathic pulmonary fibrosis (IPF) is a common form of ILD, with a prevalence of 50 patients in 100000 individuals [3, 4] . IPF is also correlated with the aging and is characterized by the histopathological pattern of usual interstitial pneumonia [5] . IPF is also characterized by extra-cellular matrix (ECM) accumulation in lung tissues, thereby replacing normal lung architecture [6, 7] . Although the mechanism of IPF is still elusive, several pathogenic investigations have been explored in its development and progression. The previous investigations mainly focus on the epithelial-to-mesenchymal transition (EMT) [8] , fibroblast activation, collagen deposition [9] , aberrant repair of injured epithelium [10] and the immune cell dysfunction [11] .
EMT was firstly discovered by Greenberg and Hay in 1982 [12] . In EMT processes, following with the transition of cellular morphology, the epithelium biomarkers, including E-cadherin (E-cad), Keratin, Laminin-1 (LN-1), Claudin, are down-regulated. Meanwhile, the mesenchymal cell biomarkers, including α-smooth muscle actin (α-SMA), Vimentin, Laminin-5 (LN-5), fibronectin (FN) and N-cadherin (N-cad) are up-regulated [13] [14] [15] . EMT participates in the processes of fibrosis formation, development and wound-healing [14, [16] [17] [18] .
Interleukin-33 (IL-33) is a cytokine of IL-1 family, and plays an important role in regulating inflammatory processes [19] . IL-33 is critical for the progression and development of the pulmonary fibrosis by promoting the differentiation of myofibroblasts and production of extra-cellular matrix proteins [20] . Luzina et al. [21] reported that the IL-33 mRNA expression is significantly enhanced in the IPF lung tissues. A previous study [22] also discovered that transforming growth factor β1 (TGFβ1) is a critical factor in the pathogenesis for pulmonary fibrosis. TGFβ1 could significantly promote myofibroblast survival by triggering the canonical TGFβ1 signaling pathway (via phosphorylation of smad2/3) [23] . Willis et al. [24] found that TGFβ1 could cause alveolar epithelial cells to undergo EMT both in vitro and in vivo by activating smad2. Ming et al. [25] discovered that the serum TGFβ1 expression was positively correlated with IL-33 levels.
In this study, we speculated that IL-33 may trigger smad2/3 phosphorylation by upregulating TGFβ1 expression, and thereby contribute to pulmonary fibrosis. Therefore, we employed the specific inhibitor of TGFβ receptor, LY2109761 [26] , to inhibit the phosphorylation and activation of smad2/3, and block the smad2/3 signaling pathway. Meanwhile, we investigated the role of TGFβ1-smad2/3 signaling in the processes of EMT in alveolar epithelial cell line, A549 cell.
Materials and Methods

Cell culture
The human type II alveolar epithelial cell line (A549) and normal small airway epithelial cells (SAEC) were purchased from the Scientific Research Department of Wuhan University, Wuhan, China. A549 cells and SAEC cells were cultured in RPMI-1640 (Hyclone, Logan, UT, USA) medium supplementing with the 10% (w/v) fetal bovine serum (FBS, Hyclone, Logan, UT, USA), 100 U/ml penicillin and 100 mg/l streptomycin in a humidified 5% CO 2 atmosphere at 37°C.
Cell treatment and trial grouping
The cells were adjusted to the density of 10 7 cells/ml in medium. A549 cells or SAEC cells were seeded into 6-well plates (100 μl per well). Then, the cells were divided into 4 groups, including Control group (adding RMPI-1640 medium), LY2109761 group (5 μg/ml TGF-β1 receptor inhibitor), IL-33 group (10 ng/ ml IL-33) and LY2109761 + IL-33 group (5 μg/ml LY210976 and 10 ng/ml IL-33 Table 1 . Amplified DNAs were detected on 1.5% agarose gels, and the DNA images were digitally captured by using a CCD camera. A DL2000 DNA marker (Takara, Japan) was used to evaluate the length of PCR products of the target genes.
Western blot analysis A549 cells or SAEC cells were harvested and lysed in the lysis buffer. The lysate of the A549 cells or SAEC cells were centrifuged at speed of 12, 000 × g, for 5 min at 4°C. Protein concentration was examined by utilizing the BCA assay kit (Biyotime Biotech. Shanghai, China). The same amounts of proteins were loaded and separated by using the SDS-PAGE and standard protocols. Then, the proteins were transferred onto a PVDF membrane (Millipore, Bedford, MA, USA) for 2 h at 4°C. Membranes were blocked by using 5% nonfat milk in PBST and washed with PBST for 3 times (5 min per time). Then, the membranes were treated with antibodies at 4°C overnight. The following antibodies were used, including rabbit anti-human TGFβ1 polyclonal antibody ( , Wuhan, China) at room temperature for 2 h. Then, the membranes were detected by using an electrochemiluminescence (ECL) kit (Thermo Electron Corp, Waltham, MA, USA). The band intensities were quantified by utilizing a AlphaEaseFC image analyzer system (Alpha Innotech, Inc., CA, USA). The relative protein expression was normalized to that of β-actin (ratio of OD values of proteins and β-actin).
Statistical analysis
All of the data were analyzed by using SPSS 21.0 software (SPSS, Inc., Chicago, IL, USA). The pair-wise comparisons between two groups were analyzed by using the Student's t-test. Multiple comparisons were analyzed by using ANOVA. All of the data are represented as the means ± standard deviation (SD). All of the experiments or tests were conducted repeated at least for six times. A P value < 0.05 is considered as the statistically significant. (Fig. 1B,  P>0.05) . However, the T1/ST2 levels in IL-33 treated A549 cells were significantly higher compared to the untreated A549 cells (Fig. 1C, P<0.05 ).
TGFβ1
receptor inhibitor suppressed IL-33 caused down-expression of E-cad IL-33 significantly decreased E-cad mRNA levels compared to Control group (Fig. 2A,  P<0 .05). The TGFβ1 receptor inhibitor, LY-2109761, blocked this effect of IL-33 ( Fig. 2A,  P<0 .05). Western blots also indicated that the E-cad levels were significantly decreased with IL-33 exposure (Fig. 2B, P<0.05) . LY-2109761 significantly increased the E-cad expression in LY-2109761 + IL-33 group compared to the IL-33 group (Fig. 2B, P<0.05) .
However, these were not the effects of the IL-33 and LY-2109761 on the E-cad expression in SAEC cells according to the PCR and western blot analysis (Fig. 3A, B) .
IL-33 increased α-SMA levels and TGFβ1 receptor inhibitor inhibited effects of IL-33
There were no significant differences for the α-SMA mRNA expression between LY-2109761 and Control groups (Fig. 4A, P>0.05) . The α-SMA mRNA expression in IL-33 group was significantly increased compared to the Control group (Fig. 4B, P<0.05) . When treating cells with LY-2109761 and IL-33, the α-SMA mRNA expression was significantly decreased compared to IL-33 group (Fig. 4A, P<0.05) .
Moreover, western blots were also used to detect α-SMA protein expression. The results also showed that the α-SMA levels were significantly increased in IL-33 group compared to the Control group (Fig. 4B, P<0.05) . LY-2109761 significantly blunted the effects of IL-33 on a-SMA expression (Fig. 3B, P<0.05) . However, these were not the effects of the IL-33 and LY-2109761 on the α-SMA expression in SAEC cells according to the PCR and western blot analysis (Fig. 3C, D) .
IL-33 enhanced levels of TGFβ1
In order to investigate the effects of IL-33 on the TGFβ1 expression, the TGFβ1 levels were examined by using RT-PCR and western blot assays, respectively. The results indicated that the TGFβ1 receptor inhibitor, LY-2109761, did not significantly affect TGFβ1 mRNA (Fig. 5A) and protein (Fig. 5B ) levels compared to the Control group (both P>0.05). Both TGFβ1 mRNA and protein levels were significantly increased in IL-33 group compared to the Control group (Fig. 5, both P<0.05) . However, LY-2109761 also presented this effect of IL-33 on TGFβ1 compared to IL-33 group (Fig. 5, P>0.05) .
However, these were not the effects of the IL-33 on the levels of the TGFβ1 in SAEC cells according to the PCR and western blot analysis (Fig. 6A, B) .
TGFβ1 receptor inhibitor suppressed the IL-33 induced up-expression of p-smad3
The smad2/3 signaling pathway was also examined by using western blot assays. The results showed that there were no significant differences for smad3 or p-smad3 between LY-2109761 and Control groups (Fig. 7, P>0.05) . Also, there was no significant difference for smad3 levels in the IL-33 group compared to the Control group (Fig. 7, P>0.05) . However, the p-smad3 levels were significantly enhanced by IL-33 (Fig. 7, P<0.05) . Moreover, the TGFβ1 receptor inhibitor, LY-2109761, significantly inhibited the IL-33 induced up-expression of p-smad3 compared to IL-33 group (Fig. 7, P<0.05) .
However, the TGFβ1 receptor inhibitor, LY-2109761, did not have any effects on the expression of smad3 and the p-smad3 in SAEC cells (Fig. 8) . 
Discussion
The alveolar epithelial cells (AECs) include type I alveolar epithelial cell (AEC I) and type II alveolar epithelial cell (AEC II) [27] . The AEC I mainly plays the biological roles of gas exchange, and AEC II mainly plays the biological role of secreting cytokines [including TGFβ1, tumor necrosis factor alpha (TNFα)] and the alveolar surfactants [28] . However, when the normal biological function of AEC I is damaged, pulmonary fibrosis progression may be initiated. Epithelial-mesenchymal transition is considered as an important mechanism in pulmonary fibrosis pathogenesis [29] .
The IL-33 pathway is also involved in the Th2 type immune response, which is involved in other fibrotic diseases [30] . One previous study [31] also reported that the TGFβ1-smad signaling pathway is an important up-stream mechanism of EMT. Meanwhile, the TGFβ1-smad is positively correlated with the IL-33 expression. Therefore, we investigated the effects of IL-33 on the pulmonary fibrosis formation.
In this study, we firstly examined the expression of IL-33 specific receptor, T1/ST2, in both of the A549 cells and SAEC cells. The results showed that the endogenous T1/ST2 levels in A549 cells were higher significantly compared to SAEC cells. Also, the IL-33 treatment significantly triggered the T1/ST2 expression in A549 cells, but not in SAEC cells. These results suggest that the A549 cells are better cell line to investigate the effects of IL-33 due to the higher levels of IL-33 receptor, T1/ST2. Therefore, in the following experiments, we would mainly study the effects of IL-33 on A549 cells.
Our results indicated that the IL-33 treatment significantly decreased E-cad expression and significantly increased α-SMA expression compared to the Control group, which suggest that IL-33 could induce the occurrence of the EMT. Meanwhile, the levels of TGFβ1 were also increased in IL-33 treatment cells, which suggests that TGFβ1 may participate in the IL-33 induced EMT of A549 cells. TGFβ1 via TGFβ receptors activates the phosphorylation of smad2/ smad3, and triggers the biological effects of TGFβ1 [32, 33] . Therefore, this study applied the TGFβ1/Smad singling pathway inhibitor, LY-2109761, to inhibit the phosphorylation and activity of the smad2/smad3. The previous studies [34, 35] illustrated that 5 μl LY-2109761 treatment could completely inhibit the TGFβ1 induced phosphorylation of smad2/3. The LY-2109761 could further inhibit the TGFβ1 induced cell proliferation, migration and differentiation. Our results show that LY-2109761 by itself does not change the expression of smad3 and p-smad3. However, LY-2109761 significantly blunted IL-33 induced p-smad3 expression. E-cad levels were significantly decreased and α-SMA levels were significantly increased by IL-33, which suggests that the IL-33 promotes the processes of EMT. The biological activity of TGFβ1 in vivo mainly conducts through phosphorylated-smad3, but not smad3 [36] . The present study also discovered that when p-smad3 expression was decreased, the IL-33 induced EMT process was obviously weakened. This result suggests that the TGFβ1-smad signaling pathway participates in the IL-33 induced changes. Therefore, we speculated that IL-33 secretion is significantly enhanced when the AECs undergoing various stimuli. Therefore, IL-33 induces the TGFβ1 up-regulation and smad2/3 phosphorylation, triggering EMT and contributing to pulmonary fibrosis. However, there were no effects of the IL-33 on the SAEC cells, and IL-33 could not induce the EMT in the SAEC cells.
Although this study received some interesting results, there were also a few limitations. Firstly, the present study only employed two cell lines, A549 cells and SAEC cells, to investigate the effects of IL-33. Other cell lines important in fibrosis, especially primary fibroblasts, will need to be studiedto further understandIL-33 effects relative to fibrosis. Moreover, this study only investigated the effects of in vitro IL-33 levels, but not in vivo levels. In future studies we will use other cell lines and animal models to investigate the effects of IL-33. That phospho-smad Smad bands became more dense while unphosphorylated smad bands were unchanged seems unusual; this will also require further study.
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